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Introduction.

It iscustomarytoexaminetheaerodynamicqualitiesof

anaerofoilby consideringthecoefficientsofthefOrces,

ratherthantheactualforces,correspondingtoanyparticu-

larsetofconditions.Sucha coefficient,beingal~ysnon-

dimensional(absolute), istheratiooftheactualforceto

somestandardforcecorrespondingtothegivenarea,reI.ative

velocity,andairdensity.Itis onlyby theuseof such

coefficientsthatthedesignerisableto judgethequalities

ofa profileandto compare,onthesamebasis,oneprofile

withanother.Thereportsoftestswhetheronmodelsorin

free-flightusuallyincludeboththeobservedforcesandthe

calculatedcoefficients,althoughitisnotuncommonto find

inpublishedreportsonlythecoefficients.Theanglesof

attackarealwaysgiventomakethesedatacomplete.

Theuseofabsolutecoefficientsisalmostuniversalin

allsciencesinallcountries,whichshowstheiradvantage.

Unfortunatelyinthescienceofaeronauticsthereissane
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lackofagreementastc convezitims andtherearenoionly6ev-

eralkindsofcoefficientsinuseinvariouscountriesbut

therearealsodifferencesinthemethodsusedinplottingthem,

Insomecountriestherehavebeenchangeseveninthestandard

bothforthecoefficientsand-forthemethodsofplotting.

ASa result,theolderpublicationsusingobsoletemethodsare

confusingtotheaveragereaderwhois,perhaps,familiarwith

thecurrentmethodsonly.Thefactthatsuchchangeshavebeen

madeissufficientproofthattherearecertainadvantagesor

disadvantagesconnectedwitheaohschemeinuse,sinceitis

hardlylikelythatanentirecountrywouldchangefromoneSYS-

temtoanotherifallwereofequalmerit.Indeed,itmaybe

shownthattheliftanddragofanaerofoilsupplyan example

ofthosequantitieswhichrequiretheuseofa certainabso-

lutecoefficientanda particularmethodofgraphicalrepresen-

tation,inorderthattheresultsmaybe interpretedfully.

Coefficients.

Inaeronauticstherearetwotypesofabsolutecoeffic-

ientswhichdemandparticularattention.Thefirstkindisin

commonuseintheUnitedStatesandEngland,thesecondkind

inGermany.Theessentialdifferenceliesinthe“standard

forcellwhichisonlyhalfasgreatinthesecondkindas in

thefirst.Thatis,theabsolutecoefficientsofliftanddrag

aredeterminedin theUnitedStatesby theexpression
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F= c :, s v= . . . . . . . ...” . . h)

where F istheforce

-P the
~

s, tSe

v the

c the

mass-densityoftheair

areaoftheaerofoil

reiativevelocity

a~solutecoefficientoftheforce3’,

Whiletheabsolutecoefficientsofliftanddragarede-

terminedinGermanybytheexpression

Itappearsuponcasualexaminationthatthesysteminuse

intheUnitedStatesisthemorenatuxalandthereforethebet-

teronaccountoftheomissionofthecoefficient1/2. Upon

a carefulstudy,however,itisevtdentthatthesecondsystem

issuperiortothefirstintworespects,Sincebothsidesof

equations(1)and (2)representa force,theexpressions~ V2
5

and Q F mustrepresenta forceperunitarea,
2g thatis,a“

pressure,anditisofespecialimportancetounderstandcl”ear-

ly t’heexactpressureto whicheachrefers,Otherwiseitis

notlikelythattheexactsignificanceoftheabsolutecoeffic-~

ientswillbe understood.Thesecondexpression~~V2,is
2g.’

thedifferencebetweenthemaximumpressureonthesurfaceof

a bodyduetoairhavinga velocityV andthepressurein

airatrest.Thispressuredifferenceisthatgivenby the

commonPitot-tubeandmaybe calledthe‘[DynamicalPressure.n
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~ntheGermanpublicationsit isdenotedby

theotherhandthefirstexpression? V2
g

meaningandcanonly_Seunderstoodandfelt

the

has

symbol.q.

nophysical

,On

as ‘fTwicetheDynami-

cal Pressure.llThetwoexpressionsarecloselyzelatedtothe

‘orthekineticenergyofa uovingbody,expression. 1/2MW.

Thecoefficient1/2restiti~ofrm theintegrationof VdV can-

notbe avcidedhere.TheexpressionEN-2iS never considered”.

Informingabsolutecoefficientsthechoiceofthenat-

uralexpression~~ @ insteadcfthemeanin@essexpression
2g

f V2
g asthestandardpressure,notonlygivesthecoefficient

a definitephysicalmeaning,butalsorendersthequantities

easilyunderstoodbyenablingthedensity andthesquareofthe

velocitytobealwaysgroupedtogetherandconsideredasthe

c$ynamicalp~essure.

Thereapeadditionaladvantages connected‘withtheuseof

thenaturalabsolutecoefficientsbasedontheexpression~

Ef Theadvantagesareapparentwhenitisnecessarytomake
g“
useofcertaintheoremsconnectinglift,dzagandangleofat-

tack(seeTechnisch.eBerichze11-2).Thesethsonertisandth’efor-

md.aeresultingfromthemazenotcnlyinterestingfrona phys-

icalpointofviewbutarealsoofgreatpr?.cticalvalueto

thedesignerofaircraft.Furthermore,theseformulaearequite

simpleanditrequiresnomoremathematicalknowledgeandcal-

culationtounderstandandto applyther~thanitrequiresto

applythesimplestformulaeforthestressesinbentbeams.
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useofthenaturalahsolute coeffic-

dynamicalpressureifthesiuplefern

istobe retained.Theuseoftheabsolutecoefficientswhich

arenoK standardintheUnitedStatesandEngland,intreduces

additionalfactors

stitution.

Therearetwo

confusingandlikelyto leadtoerrorinsub-

GraphicalRepresentation.

principalmethodsofrepresentinggraphic-

allythecharacteristicsofanaerofoil.IntheUnitedStates .

andEnglanditiscustomarytoplotlift-anddragcoefficients

as ordinatesagainstanglesofattackas abscissae, thusobtain-

ingtwocurves.Thecontinentalmethod,sometimescalledthe

lrPolardiagramlt*employsbuta singlecurveinwhichthelift

Coefficientsareplottedas ordinatesandthedragcoefficients

asabscissae.Theanglesofattackarecommonlyindicatedon

thisdiagrambyfiguresalongsi<eofthecurve.

Theresultsofa testona modelwing areplottedinFig.

1,accordingtotheusualAmericanandBritishpractice,andin

Fig.2,the

age. These

ferenceare

samedataareplottedaccordingtoContinentalus-

methodsdiffergreatlyandthetruepointsofdif-

notalwayswellunderstood.Inthefirstplacethe

angleofattackhasnodefinitesignificanceae~odynamically,
* Ifliftand&nagarepl~ttedinthesamescale,thelineof. connectionbetweenanypointofthecurveandtheoriginof

thesystemofcoordinatesisthevectoroftheforceonthe
wingastodirectionandsize.Therefore,thisdiagramcan
be consideredtobea polardiagram,theradiirepresenting
theabsolutemagnitudeoftheforcesandtheanglerepre–
sentingthear.glebetweentheforceandthedirectionofmo-
tion.
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chordasthedirectionofthe
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orconventionwhichconsidersthe

seckicn. Farther,thedefinition

Of l~chordllis notclearinallcases.Itfailsentirelywhen a .

i?ingistwisted(wash-inorWsh-out)or whenthechordsofa,
systemoftwoor more wingsarenotparailel.Consequently;in

plottingcoefficients.againstangleofattackthereis obtained

no naturalcomparisonbetweenthechracterj.sties ofvarious aeic-

foils.ThepcsitionoftheY-axishasnospecialphysicalmean-.

ingandisunimportantforthequalitiesoftheaerofoil.Hence

by usingthismethodthedesignerrenouncesoneoftheadvant-

ages- andthe.sim&lesttoo- whichareccnmecteci”withplotting

atall.

Thedesignerusuallydesiresa largeliftanda Smalldraq.

Thesetwoquantitiesandtheirrelationto each,otheraremost

importantinmakinganestimateofthevalueofanaerofoil.e
Theangleofattaokismerelya structuralconsideration.in

orderto obtaina connectionbetmentheliftanddragwhen“seg-

arateourvesareplottedagainstangleofattack,itisnecessary

to carrythroughtediousmentalprGcessesandthefinalresult

cannotcomjjareinvividnesswiththementalpicture

glanceata polardiagram.

Therearealsoreasonswhythepolardiagramis

ral”methodofrepresentingaerofoilcharacteristics

“givenby a

thel’natu-

graphically.

Aerodynamical:~heorensandactualtestsprovethattheliftde-

pendsnotupontheangleof-attackbptupontheflowaboutthe ..
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wing.Thatisto Gay,the,aixflowaroundwirgsofthesame

sectionsbutofclifferentplanformisthesamefore~al lift

coefficientsandnotnecessarilyforequalanglesofattack.

Furthermore,thedragmaybe dividediiltotwo parts,oneof

whichdependsupontheliftbutneitherof whichdependupon

theangleofattack,Oneoftheformulaepreviouslynentioned

(TechnischeBerichteII-2]providesa verysimplemethodby

whichonemaycalculatethatpartofthedragwhichisduemly

to theparticulararrangementandpr~portionsofthelifting

surfaces.Thispartofthedrag is independentoftheaerofoil

sectionandiscalledthel!inciuced&cag.11Theinduceddragmay

be consideredastheminimumlimitofdragconsistentwiththe

aspeotratiousedandtsan idealwhichmaybe approachedthrough

thereductionof “sectiondrag!’butwhichcanneverbe equaled.

ThisI1sectiondrag’tisconditionedby theaerofoilsectionand

mustbe obtainedfromtestseitheron’mcdelsor infreeflight.

Thispartofthedragisdeterminedforexample,by thechange

intheperformanceofanairplanewhenonlythetotalloadis

changed.Thefirstandsometimesthemoreimportantpaxtofthe

dragmaybe calculatedveryquicklywitha sliderule,andwith-

outthenecessityoftests,maybe plottedasa parabola,depend-

entuponthelift. Theformulaforthis‘tinduced!fdragis:

D L2 “’,~= +—
%

(1)
V2-””B= “ “ “ ‘ ‘“ “ “ . .~

whereL isthelift;B thespan;and V2 P/2 thedynamical
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Writteninabsolutecoefficients,dsfinedky

D= p TFS,etc.Dc~

isthearea,thesameformulabecomes

DC=% L~” .&. . . . . . . . . . . . .(la)

Thisformulaholdsforsingleaerofoils;andforsystemsofaero-

foil,s,B isto‘bereplacedby kB wQere k isa coefficient

.sornewhatdifferentfrom 1. Thisformularepresentsa parabola

whichhowever,cannotbeplotteddependentupontheangleofat-

tack,withouttests,becausethereisno definiterelationbe-

tweentheliftandtheangleofattack,Thedesignerwhouses.
theplotsofliftanddragagainstangleofattackinsteadofthe..
polardiagramgivesup halfoftheadvantagestobe obtainedfrom

theuseoftheformulae.

Regardlessof theattitudeofthedesignertowardsthemeth-

od whichheusestoplotaerofoilcharacteristics,itiscertain

thathisconclusionsareinfluencedby thesediagrams,andthat

anunfavorableor obscurediagrammayleadtoa wrongconclusion.

Thecurvesofliftplottedagainstanglecertainlydothisvery

often.Forinstance,a designermaybe led to comparetwodif-

ferentwings,oreventwodifferentsections,atthesameangle

ofattackinsteadofatthesameliftordragcoefficient.An

ingeniousmanusuallydrawscorrectconclusions;bl~titisanad-

vantagetouse.diagramwhichmaybe alsointerpretedbymenwho

arenotspecialistsinaerodynamics.
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OtherPosaikilitiesofGravhicalRepresentation.

Theprincipaldifferencebetmenthetwokindsofplcwting

mentionedisthechangeoftk,evariables.Therearespecialad-

vantagesconnectedwiththeplottingoftheliftanddragcoef-“

ficientsdirectlyagainsteachother.Nowtkeseadvantageswould

notvanishif,instead.ofplcttingthecoefficientsthemselves,

functionsofthem~%retaken.Itisworthwhileto comparethe

advantagesofseveralsuchdiagrams.

Anytwosuchdiagramsaremathematicallyconnectedwitheach

other.Anyconstructionin theOrie diagram can be repeatedin

theother,andtoeachcurvedr’axnintheonebelongsa corres-.
pendingcurveintheother.Ingeneral,thecor~espondingcurve

isnota straightlineiftheoriginalcurveisa st_caightline.

Thechiefdifferencebetweendifferentdiagramsliesinthetype

ofcurveby whichthemostimportantrelationsarerepresented,

Inthediageamgenerallyused,LcagainstDcthecurvesof

constantLcandDc ofconstantLiD,andofconstaatvelocityare

straight,and.theI!inducedllcoefficientcurveandthei~ortant

curvesforconstantpower+2 = oonst.arecurvedlines.

Ifonecoordinateisthedragcoefficientitself,theadditionof

a constantdragcoefficient,forinstance,when proceedingfrom‘

thewingstotheentireairplane,canbe representedby merely

transferringtheoriginofthesystemof coordinates.Theorigi-

nalcurveremainsunaltered.T-hisqualityofthediagramisso

usefulthata diagram”Withoutit wouldbe inferior.Whenceit
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Dc shouldalwaysbeplotteddirectfi~inonedirec-

choosecoordinatesthatthecurvesforconstantL/D

is ina smallerdegreeadvantageous.Itistrue

ThatL/Disfrequentlyconsideredinpresentpractice,batthis

isdone,not becau6eitmeansverymuoh,butbecauseinthepres-

entdiagramsthisquantityistheonfi~me givinga directrela-

tionbetv.enLcandDc. Itwouldbebetterifthecurvesfor

constantpowerarestraight,forthepowerismoreimportantthan

theangleofgliding.Thiscanbe obtainedbyplottingLC312in-

steadofLcagainstDc. Theinducedcoefficientremainsa curved

1ine,andalladvantagesifthefirstdiagramremaintoo. Itis

notevennecessaryto calculateandtoputinthevalues ~f the

1.5powerofLc;for,as inlogarithmicdiagrams,it isquitesuf-

ficienttousea propervariablegraduationofthecorresponding

axisofcoordinates.

Anotherpossibilitywouldbe theplottingofDc3’2/Lcagainst

Dc“ Thepowerwouldbeplottedas itwereagainstthedrag,where-

as intheprecedingdiagramitcanbe consideredasbeingplotted,
againstthelift. Thisseemstobemorenaturai.

LID~ainstLc sometimesusedinEngland,givesstraightlines

forconstantDc;buttheadditionofa constantDc requiresa new

curve;norarethecurvesfortheinducedcoefficientorforcon-

stantpowernorforLcstraight.Thedra-wingofa newcurvewhen

addinga constantDc isstillmorecomplicatedthanbefore.

ThereremainsthereforeonlythediagramLC3}2againstDc
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asa competitortothediagramLgagainstD*. Thedifferences

betweenthetvcdiagramsarenotconsiderable.Itisconvenient

tohavestraightlinesforconstantpowerbuttheoddpo}%rof

LCCissome%imesconfusing.Inanycasatheadvantagesarenot

sufficientto ccnjjensatefori-hed~sad-~ar.tageofusing~ia==ems

differingfromthoseusedinmostothercountries.

Concltlsichs.

Inadditionto theimportantfeaturesconnectedwiththe

useofnaturala-Dsolute coefficients inpolazdiagramsthereare

severalminoradvantages.A fewofthespecialapplicationsare

givenintheabovereferences.Onthewholeitap~earsthatthe

use ofnaturalabsolutecoefficientsina polardiagramisthe

logicalmethodforpresentationofaerofoilcharacteristics.

Seriousconsiderateionshouldbe givento theadvisabilityof -

adoptingthismethodinallcointries.Theactualadoptionwould

be a greatadvancementofuniformityandaccuracyinthescience

ofaeronautics.
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